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ABSTRACT 


This  study  provides  guidance  on  the  basic  applicability  and  rela- 
tive  worth  of  rocf  washdown  as  a  fallout  radiation  countermeasure.  The 
basic  purpose  of  roof  washdown  is  to  reduce  the  raaiation  dose  to  occu¬ 
pants  of  a  building  by  preventing  or  reducing  the  accumulation  of  fall¬ 
out  on  the  roof.  However,  the  roof  washdown  system  does  not  affect  t» 
penetration  of  the  roof  by  radiation  from  other  sources. 

It  was  found  that  under  some  circumstances  a  roof  washdown  system 
is  a  useful  means  for  increasing  the  protection  of  building  interiors 
and  that,  in  general,  the  cost  of  a  washdown  system  for  large  roof  area 
structures  with  smooth  sloped  roofs  will  be  less  than  the  cost  of  pro¬ 
viding  an  equivalent  amount  of  shielding.  However,  plied  shielding 
provides  100  percent  reliability  whereas  roof  washdown  systems  may  not 
be  as  reliable. 
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INTRODUCTION 


Background 


Water  washdown  was  originally  proposed  as  a  method  of  preventing 
the  buildup  of  seawater  fallout  on  ships'  weather  surfaces.  Performance 
tests  with  actual  fallout  demonstrated  that  washdown  was  feasible  and 
capable  of  significantly  reducing  residual  contamination  levels.1  The 
ship  washdown  system  (an  older  name  for  it  was  "water  curtain")  consisted 
of  an  automatic  sprinkling  system,  which  could  be  activated  upon  warning, 
and  could  operate  indefinitely,  using  seawater  from  the  ship's  continu¬ 
ously  replenished  supply.  The  constant  streams  of  water  functioned  as 
both  a  barrier  and  decontaminant.  The  water  formed  a  fluid  film  over  the 
ship's  surfaces  to  dissolve  the  depositing  seawater  fallout  and  prevented 
most  of  the  dissolved  radionuclides  from  coming  in  contact  with  the  ship's 
weather  surfaces  or,  if  the  seawater  fallout  did  contact  the  surfaces, 
the  water  was  intended  to  dissolve  the  residue  and  carry  it  over  the  side 
into  the  ocean.  Since  the  washdown  was  initiated  before  or  during  fall¬ 
out,  two  separate  benefits  were  obtained: 

1.  A  reduced  exposure  dose  to  ship  personnel  during  the  fallout 
period 

2.  A  decontaminated  ship  after  fallout  cessation 

It  was  a  natural  suggestion  that  an  automatic  wasl.Jown  system  might 
be  applied,  with  similar  benefits,  to  the  roof  of  a  building  for  the  re¬ 
moval  of  solid  fallout  particles  formed  by  land  surface  detonations. 

There  are,  however,  a  number  of  important  differences  between  the  ship 
and  the  shore  applications.  Buildings  (1)  do  not  possess  mobility, 

(9 )  generally  are  not  surrounded  by  an  infinite  supply  of  water,  (3)  are 
not  equipped  with  large  water-pumping  capabilities,  and  (4)  generally  are 
not  surrounded  by  an  infinitely  deep  activity  sink.  Finally,  the  mecha¬ 
nism  of  removal  of  solid  particles  is  quite  different  from  the  mechanism 
of  removal  of  the  soluble  seawater  fallout  that  is  produced  by  detonations 
near  the  surface  of  the  ocean.  Although  the  effectiveness  of  a  roof  wash¬ 
down  system  has  not  been  tested  with  real  lallout  from  land  detonations 
or  any  other  type  of  nuclear  detonation,  there  are  a  few  buildings  in  the 
country  that  are  equipped  with  washdown  systems." 

The  present  study  is  an  attempt  to  provide  guidance  on  the  basic  ap¬ 
plicability  and  relative  worth  of  roof  washdown  as  a  fallout  radiation 
countermeasure.  This  type  of  study  is  not  new."’'*  An  unpublished  USNRDL 
report  by  S.  Salkin  contained  a  similar  study.  The  topic  was  also  dis¬ 
cussed  in  a  short  note  by  P.  D.  LaRiviere  and  H.  Lee'  (also  unpublished). 
This  presentation  is  an  extension  of  these  studies. 
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Object i ves 


The  objectives  of  this  study  are: 

1.  To  determine  the  feasibility  of  incorporat ir ,  a  roof  washdown 
system  in  some  structures  in  lieu  of  adding  shielding  materials 
to  the  roof  for  the  purpose  of  converting  these  structures  to 
radiological  shelters. 

2.  To  compare  the  performance  and  characteristics  of  applied  shield 
ing  with  those  of  roof  washdown. 

3.  To  apply  a  cost  analysis  as  a  basis  for  the  selection  of  options 


i 

i 


WASHDOWN  EFFECTIVENESS 


Dose  Rates  and  Dose  Considerations 


The  basic  purpose  of  roof  washdown  is  to  reduce  the  radiation  dose 
to  occupants  of  a  building  by  preventing  or  reducing  the  accumulation 
of  fallout  on  the  roof.  However,  the  roof  washdown  system  does  not  af¬ 
fect  the  penetration  of  the  roof  by  radiation  from  other  sources.  Thus, 
in  addition  to  the  dose  rate  from  the  roof  fallout  deposit,  two  other 
dose  rate  contributors  to  the  total  dose  rate  received  by  building  occu¬ 
pants  through  the  roof  must  be  considered,  and  also  the  different  con¬ 
tributions  must  be  considered  over  two  time  periods;  (1)  the  time  during 
fallout  and  (2)  the  time  after  fallout  cessation. 

1.  Dose  rate  during  fallout 

a.  Roof  deposit  dose  rate.  The  source  of  tins  radiation  is 
the  fallout  particles  that  are  actually  deposited  on  the 
roof;  its  magnitude  depends  on  the  roof  retention  rate 
(with  or  without  a  washdown  system)  and  the  amount  of  fall¬ 
out  deposited  to  a  given  time. 

b.  Transit  nose  rate.  The  source  of  this  radiation  is  the 
air  borne  fallout  particles  in  the  air  near  the  building 
at  any  time  before  fallout  cessation.  The  magnitude  of 
this  monition  is  not  influenced  by  washdown. 

c.  Adjacent  surface  dose  rate.  The  source  of  this  air- 
scattered  radiation  is  the  fallout  that  has  been  deposited 
(at  a  given  time)  on  surr  'Hiding  roofs  or  grounu  areas. 

The  magnitude  of  this  radiation  is  not  influenced  by  wash- 
down  (unless  t  fie  system  is  also  used  on  these  areas). 

2.  After  fallout  cessation 

In  this  period,  the  fallout  particles  have  all  been  dopo.ited, 
hence*  the  transit  dose  rate  is  zero.  1'he  components  of  the 
dose  rate  received  throng. i  the  roof  are: 

a.  Roof  deposit  dose  rate.  The  source  of  this  radiation  is 

the  fallout  particles  remaining  on  t  he  i""S .  Its  magnitude 
depends  on  the  density  of  the  remaining  deposit,  and  time 
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If  a  washdown  system  removes  a  given  fraction  of  the  depositing 
fallout,  independent  of  the  time  after  start  of  fallout,  the  effective¬ 
ness  of  roof  washdown  can  be  approximated  by  calculations  using  the 
fraction  remaining  after  fallout  cessation. 

Dose  Race  from  Roof  Residual  Fallout 


As  an  example,  Figure  1  is  a  fallout  deposition  curve  in  grams  per 
ft2 per  time  unit  as  a  function  of  time  after  detonation.  Because  no 
data  on  washdown  wssh~off  rates  are  available,  a  wash-off  rate  of  50 
percent  of  the  accumulated  fallout  mass  per  0.1  hour  was  assumed.  It 
was  also  assumed  that  10  percent  of  the  accumulated  fallout  mass  was  not 
removable— i.e. ,  there  would  be  a  10  percent  residual.6''  These  rela¬ 
tionships  are  expressed  as: 

m  =  +  m2  (1) 
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dt  0,1  dt” 
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Applying  these  assumptions  to  Figure  1,  Figure  2  was  derived  in  which 
comparisons  are  made  of  the  relative  fallout  mass  accumulation  curves 

for  no  washdown  and  washdown.  The  third  ftep  was  to  apply  a  radioactive 

decay  function,  and  the  result  is  Figure  ‘  ,  'which  sho  ys  the  relative 

dose  rates  with  and  without  washdown  for  the  fallout  period.  Inte¬ 

gration  of  the  two  curves  with  time  gat  *  a  dose  ratio  of  approximately 
5  to  1  for  fallout  deposited  on  the  roof  only.  That  is,  the  dose  to  a 
common  reference  point  from  roof  fallout  w. .bout  washdown  was  5  times 
the  dose  from  roof  fallout  with  washdown. 

Transit  Dose  Rate 


The  airborne  transit  dose  to  an  unprotect°d  location  has  been  vari¬ 
ously  estimated  —  from  negligible  to  as  high  as  20  percent  of  the  deposit 
dose  during  the  deposition  period.10  The  portion  transmitted  through 
the  roof  of  a  stricture  as  opposed  tc  the  portion  transmitted  through 
the  walls  is  a  function  of  the  structure  shape  and  the  relative  shield¬ 
ing  afforded  by  the  roof  and  walls. 

Dose  Rate  from  Adjacent  Surfaces 

As  for  the  air-scattered  radiation,  which  comes  from  the  oentaninated 

4 


RELATIVE  FALLOUT  MASS  ACCUMULATION  IN 


SIS 


ground  or  other  roofs,  its  transmission  through  the  given  roof  is  a 
function  of  structural  shape,  size,  and  root  shielding.11  The  procedure 
given  in  Reference  11  was  used  to  estimate  the  dose  rate  transmitted 
into  the  building  from  deposited  radioactive  fallout  sources.  The  ratio 
of  the  ground-source  radiation  that  penetrates  the  roof  via  air¬ 
scattering  and  the  ground-source  radiation  that  penetrates  the  building 
wall  is  the  same  during  and  after  fallout  cessation,  neglecting  the 
effects  that  a  changing  gamma  spectrum  might  produce. 

Accumulated  Doses  in  Terms  of  Contributing  Components 

After  calculating  dose  rates,  the  accumulated  exposure  dose  is 
determined.  In  order  to  estimate  exposure  doses,  certain  conditions  of 
the  building  with  respect  to  occupancy  must  be  known;  these  include  the 
stay  period  in  the  building,  the  amount  of  shielding  afforded  by  the 
building,  the  height  of  the  roof  from  the  ground,  and  the  size  (area)  of 
the  roof.  For  the  fallout  deposition  and  residual  buildup  rates  shown 
in  Figure  3,  the  following  conditions  were  assumed: 

Exposure  location  -  3  ft  above  floor  center 

Stay  period  -  1  week  after  fallout  cessation 

Shielding  -  None  (worst  case) 

Building  (roof)  height  -  two  values,  10  feet  and  20  feet  so  as  to 

show  a  range  of  heights 

Roof  size  -  A  range  from  1,000  sq  ft  to  100,000  sq  ft 

Washdown  -  One  situation  using  washdown,  and  another  not  using  it 

Under  these  conditions,  the  dose  components  to  the  occupants  ol  a 
building  are  calculated  as  a  percent  of  the  total  no-washdown  dose. 

Figure  4  is  for  a  roof  height  of  10  feet.  and  Figure  5  for  a  roof  height 
of  20  feet.  As  can  be  seen,  the  roof  residual  dose  with  washdown  is 
approximately  one-tenth  of  the  roof  residual  dose  without  washdown.  Also, 
the  exposure  dose  to  occupants  from  air-scatte.  >.  radiation  through  the 
roof  is  significant  for  small  structures  when  compared  to  the  roof  re- 
Mdual  dose  with  washdown,  and  the  transit  dose  is  negligible. 

The  dose  received  through  the  wall*’  to  a  center  location  in  a 
building  from  adjacent  ground  sources  is  seen  to  decrease  with  buildirg 
aroa  size  in  Figures  4  and  5.  This  dose  or  dose  rate  component  would  Ik? 
further  decreased  considerably  for  below  grade  locations,  and  for  upper 


story  locations.  As  the  dose  rate  component  through  the  building  walls 

decreases,  roof  protection  becomes  increasingly  important.  This  can  be 

demonstrated  by  using  a  single  structural  configuration  and  calculating 

the  roof  contribution  to  the  total  dose  rate  within  the  structure  as  a 

function  of  wull  thickness.  The  very  thick  walls  (heavy  mass-thickness) 

would  be  representative  of  a  location  on  the  second  floor  of  a  two  story 

structure  with  moderately  thick  ^lls,  and  the  thickest  walls  would  be 

representative  of  a  basement  location  in  a  structure  with  a  thin  roof 

and  floors.  Figure  6  gives  the  roof  contribution  to  total  dose  per- 

2 

centage  in  a  20  foot  tall,  1,000  ft  structure,  for  three  roof  mass¬ 
thicknesses  and  for  various  wall  mass-thicknesses.  As  can  be  seen,  the 
relative  roof  contribution  increases  with  wall  thickness  and  decreases 
with  roof  thickness.  The  larger  the  relative  roof  contribution,  the 
greater  the  relative  effectiveness  of  the  roof  washdown  system.  Thus, 
if  a  10  percent  residual  washdown  system  were  used  upon  a  structure 
where  the  relative  roof  contribution  was  0.90,  the  dose  reduction  due  to 
the  washdown  system  would  be  a  factor  of  5.3.  If,  on  the  other  hand, 
the  roof  contribution  were  0.10,  the  10  percent  residual  washdown  system 
would  reduce  the  exposure  dose  by  only  a  factor  of  1.1. 


The  equation  for  the  protection  factors  (PF)  of  structures  without 
a  roof  washdown  system  is 


PF  ^  1 


/  (v 


RT 
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and  the  equation  for  the  PF  of  structures  with  a  10  percent  residual 
roof  washdown  system  is 


PF  -  1 
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and  where  (see  Figures  7,  8  and  9) 
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is  the  roof  geometry  reduction  f  ~tor 
is  the  wall  geometry  reduction  factor 
is  the  roof  thickness  reduction  factor 

is  tne  wall  thickness  reduction  factor  (To  show  the  variation 

of  F  with  shape,  a  range  of  values  was  included — i.e.,  10 
WT 

and  20  foot  walls.) 


Figure  10  gives  the  PFs  as  a  function  of  roof  size  for  a  structure 
with  a  10  foot  roof  height,  with  various  wall  and  roof  shielding  mass 
thickness  combinations,  and  with  or  without  washdown  (calculated  by  the 
procedures  of  Refere’'’o  11).  Figure  11  snows  the  calculated  PFs  as  a 
function  of  roof  oize  for  a  structure  with  a  20  foot  roof  height  and  for 
the  same  combinations  as  in  Figure  10.  As  can  be  seen  from  the  curves 
in  these  two  figures,  no  thin  roof  structure  with  washdown,  having  less 
than  150  PSF  wall  shielding  thickness,  qualifies  as  a  shelter  (40  PF 
minimum).  Two  options  for  obtaining  a  protection  factor  of  40  (or 
better)  are:  (1)  augment  the  washdown  effectiveness  with  applied  roof 
shielding;  (2)  apply  sufficient  roof  shielding  to  eliminate  the  need 
for  the  washdown  system. 

Figures  12  and  13  oresont  the  equivalent  roof  mass  thickness  of  the 
roof  washdown  system  as  a  function  of  roof  area  for  roof  heights  of  10 
feet  and  20  feet.  By  rewriting  Equation  5  to  read 
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the  roof  thickness  reduction  factor  required  with  roof  washdown  for  any 
structural  geometry,  wall  thickness,  and  desired  PF  can  be  determined, 
and  the  roof  thickness  required  with  the  washdown  system  can  be  obtained 
from  Figure  8.  The  required  roof  thickness  to  obtain  a  PF  of  50  with 
and  without  the  roof  washdown  system  for  structures  with  150  PSF  walls 
is  presented  as  a  function  of  structure  size  (roof  area)  in  Figure  14, 

As  can  be  seen,  a  relatively  thin  roof  with  washdown  is  all  that  is  re¬ 
quired  for  the  20  foot  tall  structure-- i . e. ,  less  than  20  PSF-- regard¬ 
less  of  structure  size.  This  requirement  may  be  compared  to  roof  thick¬ 
nesses  of  70  to  90  PSF  that  are  required  without  washdown.  In  the  case 
of  the  10  foot  tall  structures,  a  relatively  thick  roof  in  addition  to 
roof  washdown  is  required  for  the  smaller  structures,  although  a  rela¬ 
tively  thin  roof  is  adequate  for  the  larger  structures.  On  ho  other 
hand,  if  the  wall  thickness  of  the  10  foot  tall  structures  were  increased 
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to  175  PSF,  then  thin  roofs  (less  than  20  PSF)  with  washdown  would  also 
be  all  that  would  be  required  for  the  smaller  structures. 

All  the  above  calculations  are  for  a  location  at  the  center  of  the 
structure  and  for  uniform  wall  thicknesses  and  uniform  roof  thicknesses. 
At  locations  away  from  the  center  of  the  structure,  the  roof-dose /wall- 
dose  ratio  will  change.  This  variation  will  not  affect  the  equivalent 
roof-washdown,  roof-mass-thickness  values  in  Figure  12,  and  unless  ex¬ 
treme  locations  (e.g.,  corne,.  locations)  are  used,  the  PF  values  in 
Figures  10  and  11  and  the  required  roof  thickness  values  in  Figure  14 
will  not  be  significantly  affected. 

For  very  large  roofs,  the  effectiveness  of  roof  washdown  systems 
will  be  degraded  because  of  the  greater  amount  of  fallout  that  must  be 
carried  by  the  water  stream.  It  is  not  known  what  additional  amount  of 
water,  if  any,  would  be  required  to  overcome  any  buildup  effect  that 
might  occur  with  heavy  rates  of  fallout  upon  large  roofs.  Figure  15 
shows  a  suggested  washdown  flow  rate  for  relatively  smooth  roof  sur¬ 
faces.4^  Washdown  effectiveness  data  for  various  flow  rates  over  longer 
distance  (>5Q  feet)  are  nonexistent,  and  consequently  the  flow  rate  re¬ 
quirements  for  roof  areas  in  excess  of  10,000  f t‘  are  represented  as 
dashed  linos  in  Figure  15.  Finally,  the  roof  washdown  system  could  be 
reduced  to  partial  or  total  ineffectiveness  by  malfunctions  or  from 
freezing  at  extremely  cold  temperatures. 
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COMPARATIVE  COSTS 


The  relative  cost  of  converting  conventional  structures  into  shelters 
either  by  increasing  the  roof  mass-thickness  or  incorporating  a  roof  wash¬ 
down  system  (along  with  increasing  the  wall  thickness)  depends  upon  how 
the  original  building  was  constructed.  The  cost  also  depends  upon  the 
choice  of  roof  washdown  system  and  the  choice  of  si ielding  materials. 

Some  structures  are  not  suitable  to  conversion  to  shelters  by  the  mere 
application  of  additional  shielding  materials  on  the  roofs,  and  washdown 
systems  are  not  suitably  effective  for  the  roofs  of  some  structures.  For 
such  structures  t^e  relative  costs  are  indeterminant. 

In  general,  sloped  or  pitched  roofs  are  suitable  for  roc f  washdown, 
and  flat  roofs,  if  they  are  adequately  strong  or  are  amenable  to  rein¬ 
forcing,  are  suitable  for  applied  shielding.  On  occassion  there  are 
structures  with  roofs  that  are  suitable  for  roof  washdown  as  well  as  for 
applied  shielding.  The  relative  cost  of  applying  shielding  or  installing 
a  roof  washdown  system  may  be  compared  for  these  structures.  Usually, 
these  structures  are  of  medium  to  heavy  steel  construction  (the  roof  sup¬ 
port  includes  girders  and  open  truss  joists) ,  have  concrete  for  roofing 
material  (2  to  4  inches  thick),  and  have  a  slightly  sloped  roof  (eg  , 
1:24).  The  weight  of  these  roofs  ranges  from  about  40  pounds  per  square 
foot  to  about  60  pounds  per  square  foot,  and  is  designed  to  support  live 
weights  of  60  to  100  pounds  per  square  foot. 

It  additional  structural  strength  is  required  to  supp  the  added 
roof  shielding  weight,  the  cost  of  providing  roof  shielding  is  increased 
The  construction  cost  of  additional  roof  support  for  a  20  foot  span  and 
tor  a  30  toot  span  on  an  open  structural  frame  i s  given  in  Figure  16.*  '*' 
i!  the  structure  to  be  modified  is  finished  with  ext*  nor  and  interior 
walls,  and  with  roof  and  ceiling,  and  the  interior  i compart  ment  ed .  the 
cost  of  applying  additional  structural  strength  without  degrading  useful¬ 
ness  and  aesthetics  is  very  high,  and  the  overall  cost  could  run  as  high 
as,  or  higher  than,  the  cost,  of  new  construction.  On  the  other  hand,  tor 
structures  that  do  not  require  additional  structural  strength,  the  tost 
o!  applying  root  shielding  over  the  existing  roof  is  morels  the  cost  til 
the  shielding  material  and  the  cost  of  labor.  The  cos'  of  six  inches  o! 
reinforced  concrete  m  place  is  approximately  $1.00  to  $1  25  per  square 
1  out  *  4 


The  cost  o!  ins! 
depend  upon  the  roof 
sloped  roof  requires 


a  1 1  mg  a  root  washdown  system  on  a  struct 
type  and  the  type  of  washdown  system.  A 
less  water  and  fewer  nozzles  than  a  roof 


lire  will 
smooth  woil- 
hat  is 
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rough  or  has  only  «.  slight  slope.  Three  types  ot  washdown  systems  are 
described  as  foiiows: 

1.  Once  through,  using  the  normal  water  supply. 

i: .  Once  through,  using  stored  water  or  well  water,  or  drawing 

from  a  natural  body  of  water. 

3.  Recirculating,  using  t  * ed  water. 


The  first  type  is  the  least  expensive  and  the  least  reliable  being 
entirely  dependent  upon  an  unimpaired  water  system.  The  basic  components 
are  piping  and  nozzles  (it  may  be  assumed  that,  lor  large  structures, 
adequate  drainage  exists).  The  cost  of  such  a  system  depending  upon  the 
shape,  texture,  and  slope  of  the  roof,  will  range  between  $0.10  to  $0 . -40 
per  square  fovjt. 

The  second  type  is  practical  only  if  a  high  capacity  well  source  or 
a  body  of  surface  water  is  located  nearby.  The  construction  of  a  storage 
tank  with  sufficient  capacity  for  a  once  through  system  is  exorbitant, 

If  it  is  necessary  to  dig  a  well  and  install  a  pump  (internal  combustion), 
or  if  it  is  necessary  to  install  a  pump  and  a  long  water  line  to  the 
nearest  body  of  water  then  the  third  type  of  washdown  system  will  be 
more  economical  as  well  as  more  reliable. 

The  third  type  ot  washdown  system  consists  uf  (1)  a  water  and 
fallout  collection  system,  and  (2)  a  water  storage  and  filtration  system 
as  well  us  the  piping  and  nozzles  In  sonu  structures  adequate  collecting 
systems  exist,  and  only  modifications  are  needed  to  channel  the  return 
water  and  fallout  to  a  combination,  filter  aim  storage  tank.  In  other- 
structures  with  roof  drainage  to  the  e  es ,  collecting  gutters  must  be 
installed.  Standard  rein  gutters  are  inadequate- -special  larger  gutters 
with,  a  bottom  slope  ot  at  least  1:16  are  recr  amended  .  '  although  there 
have  been  no  tests  of  this  part  ot  washdown  systems .  These  special 
gutter's  will  De  more  cost  1  v  and  will  be  less  aesthetically  appealing 
than  standard  root  g.'tters 

fcxtru  piping  or  conduits  will  be  required  to  carry  t  he  collected 
water  and  fallout  to  a  settling  chamber  which  should  ho  installed  below 
ground  so  that  the  collected  fallout  will  be  shielded. 

A  settling  tank  and  a  course  t  t  Iter  arc1  all  t  hat  is  nccessa  r  v  to 
remove  the  fallout  part  ivies  Iron  the  return  water  the  water  storage 
requirements  are  estimated  at  0  2  to  0.5  gallons  pet  squat  e  foot  ■>:  root  , 
and  this  ratio  includes  th  volume  ot  the  settling  compartment  The 
pumping  rate  is  estimated  at  0  0"  l  o  U  .  05  gallons  ;>e  r  m.rnr'e  per  square 
foot  ot  root  urea  (see  Reference  H  for  storage  tank  design) 
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Tlu  water  requi  retn  J'.t  s  tor  adequate  root  coverage  depend  upon  i.he 
root  texture,  root  slope,  and  roof  shape.  Table  1  gives  the  otst  1  or 
t  he  components  oi  the  roc  i  rculat  tng  washdown  syste,  (>■  1  *  h  the  installation 
costs  included)  and  the  t  act  attecting  the  cost,  per  square  loot  of 
root  .  I!  a  component  exists  as  a  part  0t  t  tie  structure  design  or  as  a 
normal  facility  component ,  or  it  the  component  is  not  needed  lor  the  type 
ut  washdown  system  desired,  the  cost  of  the  component  may  be  subtracted 
1 rom  the  total  cost  The  costs  are  based  upon  a  10, QUO  sq  It  roof  size. 
The  unit  i  ost  will  be  higher  for  smaller  roots  and  slightly  lower  for 
1  a  rge  r  rot.  t  s  . 


Table  1 

COST  OF  AN  INSTALLED  RECIRCULATING  WASHDOWN  SYSTEM 
FOR  A  10,000  SQUARE  FOOT  ROOF 


Componen  t 

Root  Piping  and 
nozzles 


Factor  Attecting  Cost 


Root  texture,  root  slope 
root  shape* 


Cos t  sq  It 


0.10  to  0 .  10 


Water  return  system 


Root  texture,  root  slope 
material  used 


0  0  7  t.  p  0.12 


Storage  tank 


Root  lext.ure.  root  slope 
root  shape,  soil  type 


0.09  to  0  1H 


Root  t  x>  ure .  rwo •  s lope 
root  shape,  root  tic  i  gilt 


0.07  to  0. 10 


U  da  to  0 . SO 


*  Tnese  three  factors  determine  the  pumping  rate,  footage  of  piping, 
number  of  nozzles,  the  return  system  capacity,  and  the  st-orr 
tank  size. 


OTHER  CONSIDERATIONS 


The  re:.. oval  of  fallout  from  roofs  bv  the  washdown  system  is  s  pre¬ 
ventive  measure  against  the  contamination  of  other  target  areas  by  origi¬ 
nally  deposited  roof  fallout  that  would  otherwise  be  subsequently  redis¬ 
tributed  by  the  wind.  Washdown  may  also  eliminate  the  necessity  for  roof 
decontamination  alter  shelter  emergence.  On  the  other  hand,  the  roof 
washdown  system  does  not  add  to  the  structural  strength  of  the  building 
and  therefore  it  is  a  countermeasure  only  against  fallout  radiation. 

To  add  shielding  materials  to  a  roof  without  adding  structural 
improvement  does  not  increase  structural  strength,  and  m  fact,  will 
decrease  structure  strength.  However,  such  an  addition  of  shielding 
materials  is  dirt  cheap  ,  and  some  shielding  materials  such  as  rein¬ 
forced  concrete,  when  added  to  the  roof  along  with  structural  improve¬ 
ments,  would  increase  structural  strength.  Thus,  a  building  with  a  rein¬ 
forced  concrete  roof  plus  structural  improvements  will  be  equipped  not 
only  with  a  countermeasure  against  fallout  radiation,  but  also  an  mere? set 
degree  of  protection  against  blast  (and  perhaps  fire)  effects. 

The  comparison  of  roof  shielding  with  roof  washdown  effectiveness 
assumed  100  percent  roof  retention  of  fallout  for  the  no-washdown  con¬ 
dition  Under  some  wind  conditions,  a  very  high  percentage  of  the  fall¬ 
out  on  smooth  slope  roofs  would  be  blown  off  the  roofs.±a  Fallout  on 
these  roots  would  also  be  washed  away  by  rain.  The  wind  erosion  of  fall¬ 
out  even  fxvm  rather  rough,  flat  roofs  could  be  considerable--50  percent 
dose  rate  reductions  rom  flat,  tar  and  gravel  roofs  within  the  first 
■18  hours  by  moderate  to  high  winds  were  recorded  radiological  recovery 
studies  conducted  by  the  U.S.  Naval  Radiological  Defense  Laboratory  at 
Camp  Larks.13 

The  calculations  comparing  roof  shielding  with  roof  washdown  effect¬ 
iveness  . ’so  did  not  include  the  effects  of  fallout  solubii  ty  and  roof 
surface  aosorptivity .  If  the  degree  of  fallout  solubility  and  roof  sur¬ 
face  adsorptivity  is  significant,  the  cf-  -tiveness  of  the  roof  washdown 
system  would  be  adversely  alfected.  The  effects  of  fallout  solubility 
and  roof  surface  adsorotion  would  be  worse  with  the  recirculating  roof 
washdown  system. 

Finally,  a  structure  that  is  protected  by  applied  shielding  can  be 
relied  upon  to  provide  the  designed  protection  when  it  is  needed.  With 
a  roof  washdown  system,  on  the  other  hand,  malfunctions  could  occur  that 
could  make  the  system  inoperative.  The  pump  engines  may  not  start  when 
called  upon,  the  nozzles  may  be  plugged,  the  water  and  fallout  conveyance 
system  may  be  overloaded,  and  the  filter  system  may  be  clogged.  Although 
a  routine  maintenance  and  testing  schedule  would  increase  the  reliability 
of  the  system,  absolute  'eliability  at  all  times  cannot  be  guaranteed. 
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CONCLUSIONS 


The  e i Tect i ver.ess  of  a  roof  washdown  system  limited  because  cuj — 
ently  ava  Llshle  roof  washdown  systems  do  not  remove  all  the  depositing 
fallout  particles .  and  consequently  some  additional  roof  shielding 
will  often  be  i ecu 1 red  to  provide  an  acceptable  degree  of  overhead 
r a d a ion  protection . 

A  root  wanhdewn  ays ten:  cannot  be  directly  compared  with  applied  shield¬ 
ing  be-cstiss  of  the  following  reasons: 

a.  Apnlied  shielding  would  be  100  percent  reliable  and  roof  washdown 
may  not  be  as  reliable. 

b.  V*i no  or  rain  esn  be  expected  to  iemove  some  ot  the  fallout  from 
smooth  sloped  roofs,  Such  weather  effects  would  probably  not 
reduce  the  rad  1st  ion  fro®  rc»*f  sources  no:,  removed  by  roof  wash- 
down  but  they  would  decrease  the  *  •..Nation  from  shielded  roofs 
without  s>n  operating  wa s hdc.vn  systesr-. 

c.  Many  structures  are  not  suit -due  for  t.v?  addition  of  applied 
shielding  ary!  a  washdown  system. 

A  roof  washdown  system  is  >  useful  2rsa»*  f.c 
or  building  interiors  from  faiiout  •Tniio^io 

d  j.  i  on 5?  2 

a.  Temperature  is  higher  than  the  tonseiatafr  at  which  the  water 
solidifies  in  the  pipes  or  rut-,  ales .  or  at  rrtioh  the  spray  forms 
snow  or  sheets  of  ice  on  the  v-oof. 

b.  The  roof  is  sloped  and  has  *  r-.tlat.Vvo5. ••  ijnocth  surface. 

c.  The  system  has  been  designed  and  constructed  to  opirote  indepen¬ 
dently  of  outside  power  sources  and  v,-aiar  supplies  U.»  assure 
reliability. 

d.  The  structure  equipped  with  washcowt?  is  not  damaged  by  blast  fan 
operating  roof  washdown  r y pciii  oouid,  however,  decrease  fire 
hazards  in  peripheral  blast  areas) 

!;•  general,  the  cost  of  a  washdown  .system  for  large  roof  area  struc¬ 
tures  with  smooth  sloped  roofs?  will  be  than  the  cost  of  providing 

an  equivalent  amount  of  shielding 


-  increasing  the  protection 
o  under  the  following  con- 
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"TITLE:  An  Analysis  of  Roof  Washdown 
Versus  Applied  Shielding 
as  a  Fallout  Countermeasure 

By:  Hong  Lee 

SUMMARY: 

An  analysis  of  roof  washdown  systems  as  a  fallout  radiation 
countermeasure  is  presented.  The  effe  tiveness  of  a  roof  wash¬ 
down  system  in  reducing  the  exposure  dose  .ate  to  occupants  of  a 
building  is  compared  to  that  of  adding  shielding  materials  to  t hie 
roof  for  various  building  geometries  and  building  wall  mass¬ 
thicknesses.  The  relative  costs  for  the  two  countermeasure  meth¬ 
ods  are  also  compared  as  well  as  their  relative  reliability.  The 
findings  are  that  the  cost  of  a  washdown  system  for  large  roof  area 
structures  with  smooth  sloped  roofs  will  generally  be  less  than  the 
cost  of  providing  an  equivalent  amount  of  shielding  but  the  system 
will  also  be  less  reliable. 

SRI  Project  No.  MU-58CP  December  1966 

Contract  No.  NOO228b6C0231 
OCD  Work  Unit  No.  32 3  1  C 

TITLE:  An  Analysis  of  Roof  Washdown 
Versus  Applied  Shielding 
as  c  Fallout  Countermeasure 

By:  Hong  Lee 

SUMMARY: 

An  analysis  of  roof  washdown  systems  as  a  fallout  radiation 
countermeasure  is  presented.  The  effectiveness  of  a  roof  wash¬ 
down  system  in  reducing  the  exposure  dose  rate  to  occupants  of  a 
building  is  compared  to  that  of  adding  shielding  materials  to  the 
roo.  for  various  building  gt  ometries  and  building  wall  muss- 
thicknesses.  The  relative  costs  for  the  two  countermeasure  meth¬ 
ods  are  also  compared  as  well  as  their  relative  reliability.  The 
findings  are  that  the  cost  of  a  washdown  system  for  large  roof  area 
structures  with  smooth  sloped  roofs  will  generally  be  lt-ss  than  the 
cost  of  providing  an  equivalent  amount  of  shielding  but  the  system 
will  also  be  less  reliable. 

SRI  Project  No,  MU-SHOb  December  1  9ht> 

Contract  No.  N0022866CC2  31 
OCD  Work  Unit  No.  32  31C 


UNCLASSIFIED 


DOCUMENT  CONTROL  DATA  R  &  D 


'i  *  I,i  .  .,/» t  nfi.jr-  «»/  »(//«•  l«  ill  •  t  ».*>  'fi.*'  .ill  ici/i- *  i«.,  .in/:  ,f.< 


■'  '•  A  ’  n  O  *  C,  5  ■  v  •  '  v  •  tmthnr ; 

STANFORD  RESEARCH  INSTITUTE 
Menlo  Park,  California  94025 


UNCLASSIFIED 


AN  ANALYSIS  OF  ROOF  WASHDOWN  VERSUS  APPLIED  SHIELDING 
AS  A  FALLOUT  COUNTERMEASURE 


4  £  •  m  f  »  •  •  V  fc  ►*  O  T  F  S  7\p*  ■  ■ i  repot/  &n<1  ?m  l u  <  i  »  iitt  i-  x  . 


*  hQ  W'i  '  <  t  if  i  t  nmmt> .  m  ddl*  mi  t  us  I.  /a  i  r  narr 


Lee,  Hong  (nmn) 


December  1966 


e*  :  ;  n  '  h  a c  '  oh  o  *  an  t  so 

N0022866C0231 

^  TNO  I  C  '  NO 

OCD  Work  Unit  No.  3231C 
SHI  Project  N  .  MU-5806 


t «  'O  '  *L  N  c  O  ‘ 


!  **  CH'O'N*  tO«'S 


^  OTh{ R  »CN ’ 
f.*r«  fCpoffi 


•  C  * .  i  ->  «  hi  (  ' 


4r..  .,lhrt  mii'-h* 


This  document  hr,:  been  approved  for  public  release  and  sale. 
Its  distribution  is  unlimited. 


<  '’Pk(.w{Nt*Ov  %0'ti  !  JhOMv  *  -  L  v  .  ’  A  *«  •  a  * 

Office  of  Civil  Defense 
Department  of  the  Army 
1  Washington,  D.C.  20310 

I  A  tj  *.  T  A  ,  ' 

This  study  provides  guidance  on  the  basic  applicability  and  relative  worth 
of  roof  washdown  as  a  fallout  radiation  countermeasure.  The  basic  purpose  of 
roof  washdown  is  1  reduce  the  radiation  dose  to  occupants  of  a  building  by  pre¬ 
venting  or  reducing  the  accumulation  of  fallout  on  the  roof.  However,  the  roof 
washdown  system  does  not  affect  the  penetration  of  the  roof  by  radiation  from 
other  sources, 

it  was  found  that  under  some  circumstances  a  roo ■  washdown  system  is  a  useful 
means  for  increasing  the  protection  of  building  interiors  and  that,  in  general, 
the  cost  of  a  washdown  system  for  large  roof  areu  structures  with  smooth  sloped 
roofs  will  be  less  than  the  cost  of  providing  an  equivalent  amount  of  shielding. 
However,  applied  shielding  provides  100  percent  reliability  whereas  roof  washdown 
systems  may  not  be  as  reliable. 


UNCLASSIFIED 

Security  Clarification 


"  t  *  r O  •*  .  ‘  4 


Civil  Defense 
Radiological 
Fallou  t 
Shelter 
Washdown 
Shield lng 

Countermeasure  System 


DD .'.“.1473 


i  BA  ~K  ! 


STANFORD  RESEARCH  INSTITUTE 


Mam  Offices  and  Laboratories 


333  Ruvcnvwnod  Avenue 
Menlo  Park.  California  94023 
(413)  326-6200 
Cable.  stanrej,  Menio  Park 
TWX  9 1037}- 1 246 


Regional  Offices  and  Laboratories 


Southern  California  Laboratories 

820  Mission  Siren 

South  Pasadena.  California  91030 

(3131  799-9501  .  682-3901 


SRI-Wushmgton 

ltd  I  North  Kent  Street.  Rovslyn  Plaza 
Arlington,  Virginia  22*09 
(703)  524-2033 

Cable:  strasrls,  Washington,  DC. 


SRI-Europe 

Pelikanslravse  37 
Zuricn.  8001,  Switzerland 
27  73  27  or  27  SI  21 
Cable  stas.res,  Zurich 


SRl-Scandmavia 

Skcppargatan  26 
Stockholm  O,  Sweden 
600-226.  600-396.  600-475 


SRl-New  York 
200  E  42nd  Sireel 
New  Sork,  New  York  1 00 1 7 

(212)  661-5313 

SRI-Huntss  s  lie 

Missile  Poetise  Analysis  Office 
4810  B  idiord  Blsd.,  N  W 
HunlssiliC.  Alabama  3 5805 
1 20 5)  SV’-.'HiN) 

Twx  SI0726-21 12 

SRl-ChicJgo 

to  South  Riverside  Plaza 
Chicago,  Illinois  60606 
;  3 1 2 1  236-6'  S) 


SRl-Japan 

Edobashi  Building.  8ih  Floor 

1-6.  Nibonhasbi  Fdobashi 

Chuo-ku,  Tot  o 

Token  271-7  ids 

Cable  s. Asarst arch,  Tokyo 

SRl-So:.;heas(  Asia 

Bangkok  Bank  Bunding 
IS 2  Sukhumsit  Road 
Bangkok,  Thailand 
Bangkok  9i0- 1 8 I 
Cable  hAsiu.  Bangkok 


Representatives 


Canada 

Cyri.  A  Ing 
86  Over  lea  Boulevard 
Toronto  i  ’.  Ontario,  Canada 
1416)  425-5550 

Italy 

Loren/o  l  I  rarscochim.  Re pmentiuv* 
Via  Macedomo  Meliom  49 
Miian,  Italy 
72  32  46 


Philippines 

Roiiiiu)  H  Aim 
I 'ne  CiiUrmi  Apartments 
Makati,  Rizal.  Philippines 

Portugal 

f  ng  J  Gasparinho  Corrt.a 
Averuda  j-.-Jo  XXI,  22-3"  Esc) 
l.iilson.  Portugal 
72  64  S’ 


